We demonstrate that bond yield compression is under way in the countries converging to the euro and that German yields are significant drivers of local currency yields. Based on the evidence from Poland, Hungary and the Czech Republic, we conclude that these new Member States of the European Union are ready to adopt the euro without risking a disruptive shock to their financial stability. This message transpires from investigating the daily volatility dynamics of local bond yields as a function of German yields, conditional on changes in local term spreads, exchange rates and adjustments to central bank reference rates. Similar results of high sensitivity of local currency bond yields to changes in German yields are obtained from testing monthly series of macroeconomic fundamentals. These findings provide evidence of the potential usefulness of term spreads as indicators of monetary convergence.
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I. Introduction
This paper examines monetary convergence of the European Union new Member States (NMS)
to the euro from the standpoint of their local currency bond yields compression in relation to the euro area yields. Our argument is that the possible co-movement between euro candidates' bond yields and German yields may signal that yields have been converging. Consequently, we would expect yield spreads to narrow, as a further indication of monetary convergence being on the right track and financial markets of the euro candidates becoming increasingly integrated. On the other hand, a dynamic divergence of local currency bond yields versus benchmark German yields would prompt us to conclude that convergence is far from complete and that adopting the euro at the present time might be premature, for such action would expose the candidates' financial markets to potentially destabilizing shocks. Yield compression, therefore, may serve as an indicator of the degree of convergence and thus NMS preparedness for adopting the euro.
The importance of bond yield compression has been recognized by the EU policy-makers who have placed the alignment of long-term bond markets among the five Maastricht convergence criteria. Specifically, the fourth criterion requires that the candidates' long-term interest rates do not exceed by more than two percent the average rate of the three EU Member
States experiencing the lowest inflation rates.
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In order to ascertain yield compression in NMS we investigate whether and to what extent German yields are affecting the government debt markets in three largest NMS, namely
Poland, Hungary and the Czech Republic. Our empirical analysis consists of two approaches.
First, we examine the time-varying changes in local currency bond yields as a function of (1) convergence expectations built into local term spreads (2) the ten-year German bond yield (viewed as a representative benchmark for the euro area long-term interest rates) and (3) changes in local currency values of the euro. We investigate the conditional volatility dynamics of this relationship based on the daily data series since the beginning of the year 2000, which roughly corresponds to the inception of the ten-year bond markets in the NMS. We employ the 2 TGARCH-M-GED process, which is a combination of threshold GARCH (TGARCH) and the 'in-mean' extension (GARCH-M), estimated with GED residuals. In our second approach, based on monthly data series, we examine changes in local currency bond yields as a function of German yields as well as of macroeconomic fundamentals in order to determine the main drivers of local currency bond yields and the relative role played by German yields. Since the available monthly data series are relatively short, we rely on the OLS estimation.
The paper is organized as follows. Section II draws on related literature on monetary convergence and financial market integration to provide theoretical underpinnings of bond yield compression. Our underlying analytical model is outlined in Section III. The role of German bond yields as drivers of yields in the NMS is examined in Section IV based on volatility dynamics of the daily data series. Their role relative to the macroeconomic fundamentals is analyzed in Section V based on the monthly data series. Section VI encapsulates the main results of our study and includes policy implications for the final passage toward adopting the euro.
II. Bond Yield Compression -An Indicator of Monetary Convergence
Over the past two decades we are observing world-wide convergence of bond yields, the sources of which can be traced to domestic, regional as well as global economic trends and policies. On the global scale, the widespread reduction of capital controls, financial innovations, advances in information technology, and resulting lower transaction costs have all contributed to interest rates convergence. 2 Regional integration efforts have triggered convergence of bond yields as well, particularly the formation and the anticipated enlargement of the European Monetary Union (EMU). For the euro candidates, expectations related to prospects of future accession and 3 official programs of monetary convergence play a critical role in dampening long-term bond yields. The increased demand for emerging market debt is also a contributing factor. Yet, a disciplined domestic fiscal policy that reduces the government borrowing needs, i.e. the public debt expansion plays the most pivotal role in driving yield compression.
A major factor increasing financial market integration and contributing to yield compression is the introduction of a single currency. Goldstein and Mussa (1993) and Mussa (2000) point to the dramatic reduction in interest rate spreads and in the volatility of these spreads that occurred on the path to the EMU. They attribute yield compression to the elimination of exchange rate fluctuations among the eleven participating countries resulting from the economic integration brought on by the public policy alignment. The ECB (2003b) reaffirms this argument by noting that there was a significant convergence in the long-term government bond yields in the countries that subsequently adopted the euro in January 1999. This convergence was driven by expectations of the euro adoption and by the consequent elimination of the exchange rate risk.
There seems to be a consensus in the literature pertaining to the EMU that the introduction of a single currency alone is not a sufficient driving factor of bond yield convergence and that harmonization of disciplined national macroeconomic policies plays a significant role. As shown by Bernoth et al. (2004) , the debt and deficit indicators, primarily the debt-service ratio explain pronounced disparity in long-term interest rate risk premia among the EU Member States. Interest rate risk premia will not fully converge as long as the differences in the individual member countries' budgetary positions and debt levels remain high. Moreover, the fiscal stance is reflected in the government credit rating and translates directly into the default risk premium. This argument is confirmed by Gjersem (2003) who, besides recognizing the importance of eliminating exchange rate risk, attributes yield convergence to the existence of fiscal policy rules and their monitoring, which ultimately led to the convergence of credit ratings to the highest level. As a result of improved fiscal discipline, bond yields in the euro area converged to historical lows in the period preceding the euro inception. He attributes the remaining spreads on treasury issues within the euro area to the differences in governments' credit ratings, liquidity and the issuance techniques among the independent issuing agents. Danthine et al. (2001) also point out to the prolonged segmentation of the government bond market across the euro area, which generates liquidity risk in the smaller markets and results in the difference in yields between similar government issues. Hartmann et al. (2003) concur that the euro-area bond market is still segmented, since the pricing of government bonds with identical credit rating has not fully converged. However, Codogno et al. (2003) downplay the role of liquidity and issuance uniformity in perseverance of yield differentials. They provide evidence that further fiscal convergence, specifically in debt-to GDP ratios, is indispensable for reducing yield differentials in the euro area.
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The importance of fiscal and monetary policy harmonization for containing interest rate risk premia in the country aspiring to enter the common currency system has found strong support in a number of studies analyzing the driving factors of government bond yields in the euro area.
Among others, Côté and Graham (2004) find evidence that following the adoption of Maastricht
Treaty currency risk premia declined gradually and were essentially eliminated by the time the euro was launched in January 1999. Their empirical evidence demonstrates that prior to the inception of the euro national bond yields in the EMU countries had converged to yields of Germany, the EMU largest economy. They conclude that progress in macroeconomic policy harmonization was the prevalent contributing factor to convergence of long-term bond yields by driving the convergence of their long-run determinants. According to their study, the introduction of a common currency had a secondary effect. Thus they confirm the previous findings that convergence of national long-term yields results predominantly from the coordination of disciplined fiscal and monetary policies in the context of integrated financial markets.
In sum, on the basis of the single European currency experience we can agree that the interplay of two key factors can significantly advance bond yield convergence, namely (1) the formation of a common currency system or an anticipated entry to such a system and (2) the harmonization of national macroeconomic policies. Nevertheless, it is worthy noting that these two factors alone can not drive convergence to zero differentials for there are other aspects 5 underlying the remaining yield spreads that need to converge as well, such as technical and regulatory ramifications of bond issuance across integrated financial markets.
While the literature on the determinants of bond yields in the EMU countries is quite extensive, the investigation of yield drivers and the empirical evidence on yield compression in NMS have been seemingly scant. It is perhaps due to the relatively short historical record of long-term government debt markets in these countries. 4 The preliminary findings on yield compression seem to be inconclusive. Orbán and Szapáry (2004) show that yield compression in the three examined NMS already took place as of January 2004 (which means prior to these countries EU accession) since their spreads over the euro area yields were minimal. They were also considerably narrower than those of Spain, Portugal and Greece on the eve of their respective EU accessions.
The skeptical econometric results on yields compression in NMS may stem from the ramifications of policy mix applied during the early stage of long-term government bond market development. Specifically, lax fiscal policies and monetary strategies based on strict inflation targeting led to high local interest rate risk premia. 6 Those monetary strategies compelled central banks (CBs) to adopt very high interest rates in order to contain inflation. As the 6 disproportionately high interest rates resulted in soaring risk premia, they impaired the linkage between the NMS and the euro area bond yields. However, they were indispensable for bringing inflation down closer to the EU levels (Orlowski, 2003) . Moreover, inflation targeting strategies have been accompanied by greater exchange rate flexibility, although, to various degrees. Frankel et al. (2005) state that, under flexible exchange rates, the international transmission of bond yields is slower than under fixed exchange rates. Therefore it would not be surprising if local currency bond yields adjustment to the euro area levels took place only recently, following the adoption of inflation targeting and flexible exchange rates in NMS.
Overall, during the recent five-year period both nominal and real interest rates in NMS have fallen sharply outpacing the declining trend in the euro area. This decline precipitated from considerably strengthened financial stability in these countries that led to improved credit ratings, lower risks to investors and, consequently, declining bond yields. Therefore, in spite of the controversies related to the early evidence, one may expect that the integration of NMS government debt markets into the euro area bond markets has increased and that yield compression is taking place. From this standpoint, bond yield compression can be viewed as a proxy indicator for assessing the degree of financial integration, specifically a synchronization of the underlying macroeconomic fundamentals such as inflation expectations, real income and other factors affecting credit risk.
III. A Model of Bond Yields Co-Movement
The term structure of interest rates has gained reputation in the literature for its ability to provide useful information on the current stance of monetary and fiscal policy, as well as future economic activity, real interest rates and inflation (see for instance Mishkin, 1990; Bernanke and Blinder, 1992 . For simplification, we refrain from decomposing the risk premium and will refer to the risk component throughout our paper as "term premium".
Given the above, we can infer the difference between long and short-term interest rates, which defines the slope of the yield curve. This difference is also referred to as the term spread.
Based on Fama (1990) who concludes that term spreads can forecast the expected term premia, we want to test whether term spreads can also explain the convergence of bond yields. Term spreads are widely credited in the literature for their usefulness for predicting future macroeconomic conditions. 8 This suggests that they are a good candidate for use as a convergence indicator for they can reasonably encapsulate information about real convergence and inflation expectations that is potentially useful for guiding the convergence to a common currency. Their forecasting relevance is additionally signified by a fact that they are marketdetermined, thus not subject to revisions.
The nominal term spread for bonds across maturity spectrum is a function of expected changes in the real term spread and expected changes in inflation amplified by the time-varying
From the empirical standpoint, the term premium for a converging economy would reflect the difference between the risk premium on national relative to foreign long-term debt and the relative risk premium on short-term debt.
Thus by a precise definition, term premium is not simply the difference in spreads across maturities because in reality it involves a default risk component. Broner et al. (2004) make similar point with respect to the analysis of term structure in emerging economies. 8 The usefulness of term spreads as indicators for monetary policy purposes is demonstrated, among others, by Estrella and Hordouvelis (1991) and Estrella and Mishkin (1997) 8 represent dynamic inflation expectations for the corresponding time period, and L t ϕ is a timevarying term premium, the nominal term spread can be expressed as
The real term spread can be specified as ) (
In order to ascertain the linkage between the local and the foreign term spreads, we bring in the Uncovered Interest Rate Parity (UIP) condition by including the expected exchange rate movement into our model.
Consequently
, in an open-economy setting, the differential between the domestic and the foreign nominal term spreads can be expressed as follows
The asterisk denotes foreign variables. This relationship is augmented by the expected depreciation of local currency for the L-S period represented by ) (
The impact of the expected currency movements would have merit particularly in the case of a smaller, open economy, whose CB actively conducts foreign exchange market interventions (Eckhold, 1998) .
Under such circumstances, transmission of currency movement into long-term interest rates becomes more pronounced.
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The difference between the national and the foreign term premia can be captured by
It is further assumed that the nominal interest rate, which serves as a policy instrument or a reference rate for a local CB in a converging country will be adjusted in response to changes in the domestic nominal interest rate and changes in the foreign reference rate. This notion allows 9 for identifying the foreign and the domestic monetary policy rules. Since the foreign CB follows a fully autonomous monetary policy, the foreign policy instrument rule is prescribed by
In contrast, the local CB of a converging country cannot pursue a similar degree of monetary autonomy as it needs to consider the monetary convergence process. Thus the domestic policy rule is that the adjustment in the domestic policy instrument becomes a function of changes in the local nominal term spread, and the expected exchange rate path. The local instrument rule is specified as
In essence, such instrument rule seems plausible for an economy converging to a single currency when the CB monetary policy decisions are guided by forward-looking, flexible inflation targeting 10 . As oppose to strict inflation targeting that would require a monetary authority to gear policy decisions to the domestic inflation target only, the flexible inflation targeting framework allows combining the inflation target with a supplemental exchange rate stability objective.
It can be further noted that the local CB may follow an alternative targeting rule that would be more suitable for an advanced stage of monetary convergence characterized by the term premium differential converging to zero ( 0 = t ψ ) and the exchange rate becoming fixed (for instance, upon the euro candidate's entry to the ERM2). Such a rule is derived on the basis of a notion that a successfully orchestrated monetary convergence means that domestic inflation is being brought in line with the foreign inflation forecast during the period leading to the anticipated adoption of a single currency, i.e. in a time horizon L (Orlowski, 2005b) .
11 At such advanced stage, economic agents fully and reasonably anticipate convergence of inflation,
Given the convergence of long term inflation expectations, the convergence of term premia and the fixed exchange rate, Eq. (6) and Eq. (7) 
As completion of the convergence process appears in sight, the local CB will attempt to coordinate the operating inflation target S t π with the foreign inflation forecast for S-period ahead, ) ( * S t t E π . Thus CB will respond to the differential between the inflation target and the domestic inflation forecast for S-period by adjusting the policy instrument at the advanced stage of convergence in the following way ) (
However, at the early stage of convergence, the domestic instrument rule prescribed by Eq. (7) seems to be more practical. By expressing the differential between the domestic and the foreign nominal term spreads in terms of the domestic and the foreign policy rules, i.e. by folding the Eqs. (6) and (7) into (4), the relative to the abroad yield curve process becomes
Eq. (10) can be rearranged to express local long-term rate as a function of local term spread (as specified by Eq. (3)), foreign long-term yield, the differential between short domestic and foreign interest rate (specified as
), the exchange rate and the foreign CB reference rate. The short-term interest rate differential can be attributed to the country-specific risk conditions. Consequently, the local long-term bond yield process is given by
The relationship prescribed by Eq. (11) suggests that movements in long-term bond yields in a country converging to a single currency can be explained by changes in: local term spreads, foreign bond yields, short term yield differentials, exchange rates and foreign CB reference rates. From the standpoint of the main argument underlying our analysis, a significant positive relationship between local and foreign bond yields conditional on changes in the remaining variables implies the presence of yield convergence. Given a significant co-movement between local and foreign yields coupled with narrowing yield differentials, one can reasonably argue that relative risk premia are declining and a successful convergence to a single currency is under way.
IV. Yield Compression in NMS: Volatility Dynamics Analysis
The question before us is whether yields in the euro area, as benchmarked by German bond yields, are significant drivers of national yields in the three examined NMS, which would imply that yield compression is taking place. 12 Our sample period covers 1431 daily observations for In order to ascertain co-movement between national and German bond yields we first determine their respective unconditional correlations. We also examine coefficients of elasticity of changes in ten-year national yields to changes in German yields. The results of both tests are shown in Table 1 . 
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Notes: computed on the basis of: 1) levels, 2) first differences.
We now proceed with the empirical testing of the time-varying conditional co-movements between NMS and German yields on the basis of the model prescribed by Eq. (11). We estimate the time-varying volatility of national yields as a function of German yields and a set of exogenous variables in order to ascertain yield compression more precisely. We employ threshold generalized autoregressive conditional heteroscedasticity (TGARCH) model with the conditional variance in the mean equation (M) combined with the generalized error distribution (GED), which allows for variable kurtosis in the data. 13 The "in mean" extension of the model (GARCH-M) ads the heteroscedastic variance term directly into the regression equation allowing time-varying volatility to be related to expected yields since they are influenced by term premia. Departing from the normal distribution assumption, specifically, allowing the series to be leptokurtic (GED parameter<2) routinely holds for daily frequency series of financial assets.
We further incorporate German yields and local CB reference interest rates as regressors in the conditional variance equation.
Our TGARCH-M-GED procedure consists of the conditional mean and the conditional variance equations (Eqs. 12 and 13 respectively). 
All underlying variables are entered in first differenced terms since they are non-stationary at their levels in all examined cases. The quadratic effect of the five-year to three-month spread allows us to ascertain its marginal effect on local long-term yield. Unlike in Eq.(11), the domestic policy instrument variable, namely, the CB reference interest rate Inevitably, some of the key fundamental variables that are likely to drive local bond yields, such as inflation, output gap, etc., are not incorporated since these estimations are based on daily data frequency. In all tested cases, empirical estimations with the log-likelihood maximizing GED residuals allow for alleviating the danger of a serious overestimation of volatility, which would be the case if the normal (Gaussian) distribution assumption were imposed (GED=2).
The results of selected empirical estimations of Eqs. (12) and (13) are shown in Table 3 .
We have chosen the most robust estimation representations on the basis of maximizing the likelihood ratio and minimizing the Akaike and Schwartz information criteria. The obtained evidence implies that daily changes in German yields significantly affect changes in national yields in all three examined countries, as indicated by the high statistical significance of their estimated 3 α coefficients in the conditional mean equation. These coefficients have all correct, positive signs, which suggest that both German and national yields tend to move in the same direction. The impact of conditional changes in German yields on national yields is the most pronounced for the Czech Republic, while it is somewhat weaker for Poland and considerably less significant for Hungary. In the conditional variance equation, changes in German yields inversely affect volatility of national yields, but this effect is significant only in the case of Poland. This suggests that a possible increase in German yields is likely to mitigate the conditional volatility of Polish yields. Adversely, the decline might exacerbate volatility of national yields. The obtained results carry an important message for policy-makers in NMS as they are all seemingly concerned about sustaining financial markets stability and lowering risk premia to investors. Table 3 . Volatility dynamics of yield compression -estimation representations of Eqs. (12) Notes: 1) ∆log of domestic currency value of one EUR, 2) log(GARCH) for Czech Republic and Poland and GARCH for Hungary. Significance at 1 percent ***, 5 percent **, and 10 percent *.
Data Source for central bank reference rates: Czech National Bank, National Bank of Hungary, National Bank of Poland.
The term spread and its marginal effect contain useful information on local bond yields as well. The term spread coefficients are all positive and very significant implying that long-term bond yields tend to fall with the declining spreads, which underpins the occurrence of the NMS yield compression. There is also a strong negative marginal (quadratic) effect in all three countries, which reflects the marginal impact of a change in term spread on long-term bond yields. In the Czech case, a higher ten-year yield is associated with a steeper yield curve as implied by the low value of estimated 2 α coefficient. This effect is weaker in the two other NMS. Apparently, transmission of possible inflation expectations along the yield curve is more pronounced in the Czech Republic than in Poland or Hungary. However, the Hungarian yield curve tends to be most elevated, primarily due to a strong positive effect of the currency depreciation on long-term yields (reflected by the high estimated value of 4 α ).
Evidently, the impact of currency depreciation on local currency bond yields varies across these countries. The estimated 4 α coefficients imply that currency depreciation almost instantly raises yields in Hungary and Poland, while its effect in the Czech Republic is less pronounced. On the basis of higher value of the 4 α coefficient for Hungary relative to Poland it can be argued that there is stronger transmission of the exchange rate risk into the interest rate in Hungary. Thus the high value of this coefficient seems to validate the Hungarian CB commitment to exchange rate stability within the flexible inflation targeting framework.
The GARCH conditional variance in the mean equation has a negative sign and is significant only for Hungary and Poland, which implies that the conditional risk premia in these two countries have been steadily declining. In contrast, the GARCH conditional variance does not affect changes in Czech yields, simply because the conditional risk premium might have evaporated there by now.
The estimated conditional variance equations show a strong impact of the previous-period news about volatility on current volatility dynamics of bond yields, as implied by high and significant ARCH(1) coefficients. Higher-order ARCH effects quickly dissipate in the Czech Republic and Hungary. By contrast, there are significant higher-order ARCH effects detected for Poland suggesting that yields volatility is subject to seemingly diverse external shocks of unspecified duration in this country. This result is not surprising as Poland has been recently struggling to control political risk and maintain fiscal discipline (both factors might have infused some instability to the country's bond market).
There is a significant asymmetric first-order leverage effect in the case of Hungary only 15 .
The TARCH(1) estimated coefficient has a negative sign suggesting that the shocks suppressing volatility in the preceding period ( )
further reduce the actual volatility of bond yields and this impact is much stronger than a possible propagation of volatility induced by positive shocks ( )
As expected, the GARCH(1) effect is quite pronounced in all three examined cases. Its estimated coefficient is the highest for Hungary indicating high persistency in yield volatility.
The GARCH(1) effect is weaker for Poland and even less pronounced for the Czech Republic.
Furthermore, the sum of ARCH and GARCH terms is considerably lower in the Czech case 20 relative to the two remaining countries, indicating a strong, ongoing convergence of volatility of Czech yields to the steady-state. The convergence effect is less pronounced in the case of Poland, as the sum of both terms is closer to unity. In contrast, there seems to be a divergence in volatility from the steady-state in the case of Hungary since the sum of ARCH and GARCH terms exceeds unity.
In concurrence with our initial assumptions, GED parameters are consistently lower than 2.0 implying a leptokurtic data distribution with thick tails and thin waist in all three cases. In practical terms it means that yield volatility tends to be contained during tranquil market periods while it is exacerbated at turbulent times. This is a common feature of developing financial markets that remain vulnerable to exogenous shocks (Engle, 2004) . Such vulnerability of NMS bond markets revealed by the obtained GED parameters underscores legitimacy of a cautious approach to adopting the euro, as a premature accession to a single European currency would likely entail large, potentially destabilizing shocks to the candidates' financial markets.
In sum, the empirical tests are most robust for Czech bond yields indicating a strong evidence of volatility convergence to the steady state and their relatively strong co-movement with German yields. The tests are a bit less robust for the remaining two countries. In the case of Poland, the ambiguous ARCH effects seem to obfuscate the argument about volatility convergence. However, the two regressors augmenting the conditional variance equations are significant there. Evidently, declining German yields as well as reductions in the CB reference rate tend to exacerbate bond yield volatility in Poland.
In this section we have been able to demonstrate that German yields are significant drivers of local yields in the time-varying conditional volatility framework. Noticeably, our findings are quite different from the early results obtained by the IMF (2003) as well as by Holtemöller (2003) . We subsequently attempt to reaffirm the conclusions stemming from the time-varying analysis of the daily data series by investigating co-movements between the local and the German long-term bond yields on the basis of monthly-reported macroeconomic fundamentals.
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V. Yield Compression Based on Fundamentals
The examination of yield compression in relation to macroeconomic fundamentals provides useful insights for assessing vulnerability of bond markets to changes in key financial and real economy variables. In order to capture such effects, we test sensitivity of changes in yield spreads between NMS and German bonds to changes in inflation differentials, exchange rates and domestic output growth rates. Separately, we test changes in local currency bond yields as a function of a set of selected domestic and euro area variables. The tests are comparable to those performed by the IMF (2003), however, we use exclusively the ten-year yields and their spreads over the ten-year German yields, in consistency with the Maastricht criterion of long-term interest rates convergence.
In line with the theoretical model developed in Section 3, we consider the following determinants of bond yields in NMS: -German yields and the expected changes in the nominal exchange rate, as implied by the UIP condition -the required long-term real rate and the expected inflation rate as they relate to the international Fisher effect -the output gap as the real activity indicator, for ascertaining CB's reactions to business cycle developments.
Long-term forecasts of exchange rates and inflation rates pose a technical constraint, due to the relatively small sample of observations since the inception of NMS bond markets.
Therefore, we choose lagged or forwarded variables instead of their dynamic forecasts. In principle, the dynamic inflation and exchange rate forecasts ought to be based on the convergence process towards a single currency, i.e. the fact that within the next decade all three countries will likely adopt the euro. Nevertheless, the exact date of entry, the final conversion exchange rate and the future inflation path are still unknown and subject to extensive descriptive and empirical analyses.
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The catch-up process may in particular entail inflation rates exceeding the German ones even after having joined the EMU. The German long-term yields will therefore serve as a benchmark for pricing the NMS long-term debt, but augmented with the inflation and the exchange rate risk premia (Orlowski, 2003) . In the tests that are reported in this Section we assume that such risk premia are determined on the basis of changes in macroeconomic fundamentals, assuming that their current dynamic changes may signal their future developments. The selection of independent variables for our tests is based on four criteria. First, the current inflation rate becomes important when the expected and the observed values differ significantly, i.e. if the uncertainties pertaining to the inflation rate are quite high (the inflation risk premium is elevated). Second, the nominal exchange rate changes are priced in if they carry information about the EMU entry rate. However, they may also stem from adjustments in the policy instrument, i.e. the CB reference rate. Third, both the CBs of NMS and the ECB policy reference rates are taken into consideration. Although the CB reference rate is usually not expected to be important for the pricing of long-term assets, it is believed to have an impact through the term structure of interest rates and it reflects the CB's inflation forecasts or expectations. Fourth, we include real activity indicators, namely, the output gap measure stated in terms of deviations from the Hodrick-Prescott filter of interpolated quarterly GDP series, and the straight (interpolated) series of quarterly year-on-year GDP growth rates. The former is assumed to indicate policy responses to the business cycle, while the latter mirrors real returns of the economy.
Because of the limited monthly data series for the ten-year bond yields available only since the inception of NMS long-term bond markets, we employ the ordinary least square (OLS)
procedure. Due to non-stationary of all tested variables at their levels, we perform the tests on first differences of these variables. Hence, the examined relationships are aimed at proving the extent to which bond yields are driven by changes in the selected fundamental variables. The (GDP, exchange rates, CB rates, ten-year government bond yields). The CPI and GDP are entered as first-differences of their growth rates, the exchange rate is the one-month difference of the log of the nominal exchange rate to the euro. sensitivity of local yields to changes in the remaining independent variables is quite diverse in the examined countries.
In the Czech Republic, the CPI-based inflation differential over the German inflation, as well as the two-months-lagged GDP growth rate appear to be statistically significant. Arguably, adjustments in the ECB reference rate affect significantly Czech yields, more than changes in the Czech CB reference rate do. This discrepancy seems to suggest that the Czech bond market is strongly integrated with the euro area bond markets and yields are influenced by the ECB monetary policy, which further implies that the Czech CB policy is no longer fully autonomous.
Moreover, changes in the exchange rate do not directly affect Czech yields, which is understandable since the euro value in the Czech koruna has been quite stable during the past fifteen years with only minor nominal trend appreciation. Thus evidently, the financial markets seem to expect the current trend-rate to be already quite close to the euro entry rate, which makes long-term bond yields less susceptible to exchange rate shocks. The GDP growth rate, based on our proxy measure defined above, is a significant determinant of Czech yields. In general terms, the significance of the inflation rate and the current GDP growth rate variables suggests that the markets continuously rely, at least partially, on the country-specific information. Nevertheless, the importance of both German yields and the ECB reference rate indicate that the local financial markets are already reasonably integrated with the euro area markets, thus pricing of local assets is sensitive to the euro market dynamics.
A different combination of fundamental variables drives long-term bond yields in Hungary. As in the remaining two countries, local yields are driven by German yields, although the adjustment process is only partial, since the coefficient for Hungary has a lower estimated value than those for Poland and the Czech Republic. As in the Czech case, the local inflation rate is an important factor in the pricing of bonds. Unlike in the Czech case but similarly to Poland, the Hungarian exchange rate is a significant determinant of Hungarian bond yield, so is the CB reference rate. Clearly, the Hungarian yields are rather disconnected from adjustments in the ECB reference rate. This effect in combination with somewhat weaker translation of German into local yields implies that integration of the Hungarian with the euro area bond markets is less pronounced. Therefore, the local market might be more vulnerable to domestic rather than external shocks, which likely stems from relatively higher inflation rates than those in the remaining two countries, coupled with a more ambiguous CB monetary policy targeting strategy.
The Hungarian CB relies on a dual-targeting monetary policy framework by focusing its attention on both low inflation and exchange rate stability objectives, while the Polish and the Czech CB prioritize stable, low inflation targets allowing the exchange rate to float almost freely.
Consequently, the Hungarian bond markets remain highly sensitive to inflation expectations and exchange rate developments. Hence, the predominant impact of domestic variables makes the outlook for inflation and the exchange rate highly uncertain.
As indicated above, German yields are important drivers of bond yields in Poland. In addition, Polish yields are significantly affected by changes in the exchange rate, the GDP growth rate and the ECB reference interest rate. As in the Czech case, the GDP growth rate and the ECB reference rate seem to encapsulate real returns to investors, thus they serve as benchmarks for pricing long-term assets. The absence of the inflation rate along with the inclusion of the exchange rate might mean that the Polish markets expect a lasting inflation convergence, with some inflationary pressures stemming from the accelerated real GDP growth.
Furthermore, the high volatility of the Polish zloty exchange rate in euro terms under the purely floating exchange rate (since April 2000) has made it very difficult to ascertain the future euro 26 conversion rate, as well as the ERM2 reference rate, which adds an exchange rate risk premium to the local long-term bond pricing. The negligible importance of the Polish CB reference rate during the analyzed sample period seems to suggest that its policy instrument has been adjusted in response to the short-to medium-term inflation forecasts but not to the long-term inflation projection. In hindsight, Polish bond yields are significantly driven by German yields, the ECB rate and the exchange rate, all of which imply a high degree of integration with the euro area financial markets.
In sum, German yields play an important role in the determination of long-term bond yields in all three NMS. Moreover, our tests also reveal that the adjustments in the ECB reference rate significantly affect bond yields in Poland and, to a lesser degree in the Czech
Republic, but not in Hungary. The strong influence of the euro area variables indicates a discernible degree of financial market integration, which underpins the ongoing monetary convergence to the euro. By comparison, the impact of changes in domestic variables on bond yield dynamics is rather uneven. The observed diverse reactions stem very likely from the prevalent differences in the NMS monetary policies that follow various inflation targeting prescriptions, and from the differences in their exchange rate regimes.
VI. A Synthesis and Policy Suggestions
Our analysis shows that there is a considerable progress in integration of Polish, Hungarian and Czech financial markets with the euro area markets. This general claim is underscored by the empirical evidence that German bond yields have become significant drivers of local currency bond yields in these converging countries. We prove this point by analyzing the TGARCH-M-GED daily volatility dynamics of local currency bond yields as a function of German yields, local term spreads and the exchange rates. We further verify the evidence on the co-movements between the NMS and German bond yields by examining sensitivity of local yields to monthly changes in fundamental variables, including inflation differentials, exchange rates, GDP growth rates, as well as the local CBs and the ECB reference interest rates.
In sum, we provide statistical evidence that monetary convergence of the euro candidate countries is taking place, which in turn implies that the examined NMS might be ripe for adopting the euro without risking potentially destabilizing shocks to their financial markets. As their bond markets become increasingly integrated with the euro area bond markets, their vulnerability to such shocks is less pronounced.
It is worthy noting that the actual path of bond yield compression has been periodically In spite of the encouraging evidence on bond yield compression, serious challenges to financial stability in NMS are not out of sight. As proven by our analysis of the yield volatility dynamics, rising market interest rates are likely to exacerbate fluctuations of local currency bond yields, thus they may reverse the course of yield convergence. Without doubt, there are continuous pressures on NMS nominal interest rates attributable to renewed inflation expectations, which stem from aggregate supply shocks (including the recently sharp increase in energy prices), as well as aggregate demand shocks. Therefore, it is imperative that the converging countries continue pursuing monetary policies aimed at containing inflation. But the efforts to reduce risk premia are unlikely to succeed if they remain solely on the part of CBs.
They need to be supplemented with disciplined fiscal policies. Needless to say, a continuous commitment to fiscal consolidation is crucial for a successful convergence to the euro.
